Abstract We are currently building a new 2m optical observatory at the United States Air Force Academy. Our aim is to create a ground based facility capable of tracking and imaging low Earth and astronomical objects. In conjunction with the Laser and Optics Research Center at the Academy, we can leverage lasers with an extensive range of wavelengths, powers and temporal profiles. This will make it possible to conduct a wide range of experiments involving optical ranging, communications and characterization of satellites. Plans are also being considered to use the telescope to improve the capabilities of a pre-existing thermometric lidar as well as developing innovative lidars for atmospheric analysis and relativistic studies. Future telescope research will also incorporate adaptive optics technologies being developed in the Department of Physics. The telescope will also greatly enhance the astronomical studies of cadets and faculty'2.
INTRODUCTION
The Department of Physics at the United States Air Force Academy is building a 2m telescope for use in Space Situational Awareness projects. The telescope was originally conceived with the endowment of a 4m optical mirror from Air Force Space Command. The segmented primary formed the basis of the Large Aperture Mirror Project (LAMP) for the Space Based Laser development. This project was aimed at testing many technologies associated with creating a large focusing element in space such as active phasing and shaping of a thin mirror (see Fig.   1 ).
U.S. Government work not protected by U.S. copyright. The AF Academy took delivery of the $50 million mirror in 2005 with a view to constructing a ground-based telescope with fast-tracking capabilities. The telescope will be suitable for astronomical (sidereal) operation as well as being capable of tracking low-Earth objects down to altitudes of 200km. 
TELESCOPE MIRROR
There are two options for the construction of the telescope. One will involve using the hexagonal LAMP mirror provided as Government Furnished Equipment (GFE) segment, while the other will require the contractor supplying a larger mirror of their own.
The GFE mirror:
The mirror cell (government furnished equipment) consists of a glass mirror attached to a graphite composite reaction structure via 66 fine figure screw-motion actuators. The actuators and graphite structure can be either retained or discarded as necessary to meet the construction requirement. The mirror is a hexagonal segment of UltraLow Expansion (ULE) glass with a flat-to-flat diameter of 1.6m as shown in Fig. 2 . The mass of the 17mm thick glass is estimated to be around 77kg. Since the LAMP telescope was originally designed to function in a Mersenne configuration, the primary figure is parabolic -a conic not particularly suited for two-mirror telescopes. The design and construction options for the telescope are largely up to the discretion of the contractor so long as the above performance specifications are met. This covers many aspects from the thermalizing of telescope optics to the telescope dimensions and mechanical control. For example, the telescope primary can be constructed from a zero expansion glass or borosilicate glass that is actively cooled. The sole requirement is that the wavefront error budget is met and that the telescope focal plane is always fixed under a range of operating temperatures. As a ground-based telescope the FFAs can provide a minor amount of correction for gross gravitational sag. However, since the glass primary is too thin to provide enough internal stiffness to prevent bending under gravity, some inter-actuator deformation is expected. A finite element analysis of this bending for the mirror indicates that we can expect a root mean squared error of 0.23gm, or 0.3 arcsec seeing. While the ripple will not be a problem initially since site seeing conditions are significantly worse (typically 2-3 arcsec), we hope to remove this error using high-order adaptive optics in the future.
Contractor supplied mirror It is understood that incorporating unknown technology and materials into a ground based system entails a great deal of risk for potential contractors. For this reason we have agreed to allow the contractor to supply a mirror separate to the GFE primary. If this option is exercised, then the minimum diameter of the contractor mirror is to be 2m. In this case, the primary optical properties and construction can be determined by the contractor subject to meeting the overall telescope performance specifications.
Truss and layout The telescope will be constructed for instrument operation on one of two Nasmyth platforms. We anticipate that one of these platforms will incorporate optics for correction of field rotation while the other will be uncorrected. The uncorrected output will be used for lidar, single object spectroscopy, photometry and polarimetry. Meanwhile the other focus will be derotated for wide-field/multiobject science and future adaptive optics. The platforms will support two 4'x6' damped optical benches for mounting instruments, lasers and optics.
Mounting and tracking The telescope will be mounted in an altitude-azimuth (altaz) configuration and will be required to track objects in orbits as low as 200km. The mount (shown schematically in Fig. 3 The requirement of pointing below the horizon is particularly notable. With our unique location we will be 2 D=540 able to use this for ground-to-ground experiments involving transmission of laser beams across large (20-30km) columns of highly turbulent air. Fig. 3 : A schematic of the new telescope with its alt-az mount and Nasmyth platforms.
Location andfacilities
The telescope will be located on campus at the US Air Force Academy in Colorado Springs, Colorado (39°00'24" N, 104052'30 W) at an altitude of 2175m (7130ft). The Academy already has a small observatory (Fig. 4) with computer controlled 0.4m and 0.6m telescopes. For this telescope a new dome will be constructed along with extensions to existing observatory facilities. The telescope location was chosen primarily for accessibility to the cadets.
The Academy has 2 other optical telescopes; a 61cm Cassegrain and 41cm Schmidt-Cassegrain, both equatorially mounted. The new telescope will be located in a newly constructed observatory close to the existing building. Concurrent with telescope construction we are planning to make upgrades to our current observatory facilities. These upgrades include refurbishment of the control room and new classroom. Added to this will be new office and laboratory space for development and maintenance of telescope systems and instrumentation.
Instrumentation
Initially we plan to purchase a camera and spectroscope for the telescope, with a view to installing other instruments as necessary. Our back-illuminated camera will have the following properties:
Minimum 
Astronomy and astrophysics
The Academy already has a modest astronomical research effort [1] [2] [3] [4] which would greatly benefit from a larger telescope. Current research projects include measuring light curves of supernovae, asteroids and stars as well as asteroseismology (high-resolution, time-resolved spectroscopy of bright sources). We are planning to make the telescope available for a larger range of astronomical research topics including planet detection, near Earth asteroid detection and characterization, galactic characterization and surveys. Since the Academy suffers from poor seeing and significant light and aerosol pollution, the telescope is not expected to be used for deep sky astronomy.
Lidar
The Academy has developed a narrowband holographic spectrophotometer which has been incorporated into a thermometric Raman-Rayleigh lidar [5, 6] . The 25X increase in collecting area of this telescope will greatly improve resolution performance and provide rapid, absolute temperature profiles from ground to space: data critical for the Air Force in many areas ranging from weather forecasting to turbulence avoidance systems. Furthermore, we are currently in the process of improving our lidar with the purchase of a higher power laser. [ Trackinglranginglsurveillance With the fast-tracking mount, a 2m lidar system could be modified for ranging off satellites [7, 8] . Data collected from these experiments would help us understand the complex relationship between solar activity and atmospheric drag on low-Earth satellites which in turn improves the tracking of objects in orbit. As well as ranging, we will conduct experiments in satellite illumination, optical communications, photometry, polarimetry and imagery.
The Departments of Astronautical Engineering and Physics have for several years led a successful joint effort called FalconSat. This project involves having cadets design, construct, launch and operate microsatellites. The effort usually spans four years and around 140 cadets over this period. A schematic of FalconSat 3 is shown in Fig. 6 .
It is anticipated that future missions will utilize the new telescope for experiments relevant to real world SSA issues. For example the simplest experiment would involve installing a number of corner cubes over the satellite for optical ranging studies. A more advanced version of this experiment would involve using modulated corner cubes for optical communications studies. We also anticipate other project involving spacecraft charging by ground-based laser beams and active imaging studies. The lidar experiment was developed under support from the Laser and Optics Research Center (LORC) -a research entity attached to the Department of Physics. The LORC has over 10,000 square feet of lab space devoted to a number of projects such as space telescope design, atom trapping, fiber lasers and high power lasers. The LORC is uniquely capable of supporting a wide range of experiments involving laser projection due to the availability of different lasers. The spectral coverage of some of the lasers is shown in Fig. 5 in both continuous wave and pulsed regimes. Telescope system test-bed The LORC is currently developing novel high-power gas lasers [9] , ultra-fast wavefront sensors [10] and MEMSbased deformable mirrors [11] which could all be used in next-generation, laser guide star adaptive optics. A telescope of this size is ideally suited for operational testing each of these systems and will ultimately be incorporated into the telescope for superior astronomical imaging and beam projection. 4 
I
We anticipate using the Fast-Tracking Telescope as a testbed for instrumentation for other research entities. Often it is difficult to fully check-out instruments that have been constructed for larger telescope facilities. Time on such telescopes is a premium and it can be a challenge to schedule enough time for debugging new devices. We see a good opportunity to make our telescope available for this type of work. With cadet involvement, this can be very instructive in state-of-the-art instrumentation and research techniques.
Holographic correction
The Academy has conducted many experiments [12, 13] involving the holographic correction of aberrated telescopes for various applications. We are currently investigating the possibility of extending our research to a 2m test using the telescope as either the corrected unit or as collimating source for similarly sized membrane mirror.
Teaching
As well as the obvious teaching and research opportunities for the cadets, this instrument gives the Academy the capability to leverage our expertise for the instruction of personnel from other organizations in the fields of lowEarth tracking imaging, communications and ranging.
CONCLUSION
The Academy is constructing a 2m-class telescope for operation as a Space Situational Awareness research and teaching facility. First 
